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There has been marked interest in the synthesis of 2-amin-
obenzothiazoles and a signiﬁcant number of compounds con-
taining this moiety, due to their broad spectrum of biologicalactivities, including anti-inﬂammatory (Sawhney et al., 1978),
anti-carcinogenic (Paget et al., 1982; Tamm et al., 1958;
Wells et al., 2000) and anti-viral (Paget et al., 1969) properties.
2-Aminobenzothiazoles are highly reactive compounds. They
are widely used as reactants or reaction intermediates to form
a variety of fused heterocyclic compounds. Moreover, the
diverse biological activities reported for many derivatives of
benzothiazoles have drawn the attention of biochemists in
the last few decades (Bondock et al., 2009).
For many chemical processes, major detrimental effects to
the environment occur due to the consumption of energy for
heating and cooling. To counteract such effects, it is highly
desirable to develop efﬁcient methods that utilize alternative
energy sources such as ultrasound or microwave irradiation
Table 1 Catalyst effect on the synthesis of 20-amin-
obenzothiazolomethyl-2-naphthols in water at room tempera-
ture under sonication.
Entry Amount of HPA (g) Yield (%) Time (min)
1 0.04 61 180
2 0.08 69 150
3 0.12 76 150
4 0.16 78 150
Table 2 Temperature effect on the reaction of 2-aminoben-
zothiazole, 2-naphthol, and benzaldehyde for the synthesis of
20-aminobenzothiazolomethyl-2-naphthols in the presence of
0.12 g of HPA under sonication in water.
Entry Temperature (C) Yield (%)a Time (min)
1 25 76 150
2 45 89 120
3 60 90 120
a Isolated yields
Ultrasound-promoted, rapid, green, one-pot synthesis 503to facilitate chemical reactions. Ultrasound irradiation has
long been considered as a clean and useful method for the acti-
vation and acceleration of processes in organic synthesis and
has been routinely used during the last three decades (Li
et al., 2003; Peters, 1996; Shchukin and Mo¨hwald, 2006). A
large number of organic reactions can be carried out employ-
ing ultrasonic irradiation resulting in higher yield, shorter reac-
tion time or milder conditions (Li et al., 2005; Luche, 1998;
Mahdavinia et al., 2009; Mamaghani and Dastmard, 2009;
Mason and Peters, 2002; Mehrabi, 2008; Pizzuti et al., 2009;
Saleh and EL-Rahman, 2009).
On the other hand, multi-component condensation reac-
tions are a compelling method for the synthesis of organic
compounds, since the products are formed in a single step
and diversity can be achieved by simply varying each compo-
nent. By minimizing the number of synthetic operations while
maximizing the build-up of structural and functional complex-
ities, these reactions are particularly appealing in the context of
target-oriented synthesis (Mironovo, 2006; Shestopalov et al.,
2008; Toure´ and Hall, 2009; Zhang and Zhang, 2009; Zhu
and Bienayme, 2005).
During recent years heteropolyacids and their salts have
attracted interest as non-volatile, environmentally-friendly or
green catalysts in MCRs. Lately interest in the Wells–Dawson
(WD) type HPA with [X2M18O62]
n anions (where X = P, as
and M=Mo, W) is growing exponentially (Anastas and
Warner, 1998; Heravi et al., 2007; Heravi and Sadjadi, 2009;
Shikata et al., 1995). Moreover, industry encourages the use
of sustainable materials and water as a solvent, rather than
toxic organic solvents. As a consequence, in recent years much
effort has been directed toward using water as a solvent for
organic reactions (Azizi et al., 2009; Grieco, 1998; Li, 1993,
2005; Li and Chan, 1997; Pirrung and Sarma, 2004; Shabani
et al., 2007a; Wei et al., 2004). Therefore, organic reactions
which exploit heteropolyacid catalysts in water could reveal
an ideal methodology, provided that the catalysts show high
catalytic activity in water (Micek-Ilnicka, 2009).
Herein, we wish to report an efﬁcient ultrasound-assisted
one-pot synthesis of 20-aminobenzothiazolomethylnaphthols
from 2-aminobenzothiazole, 2-naphthol, and aldehydes cata-
lyzed by WD heteropolyacid under ultrasound irradiation at
45 C (Scheme 1).
2. Results and discussion
To achieve suitable conditions for the condensation reaction
shown above, a set of experiments were carried out. First,
we investigated the reaction of 2-aminobenzothiazole, 2-naph-
thol, and benzaldehyde (1 mmol each) in the presence of differ-
ent amounts of Wells–Dawson type HPA in 3 ml water at
room temperature and under sonication (Table 1). AccordingScheme 1 The reaction of 2-aminobenzothiazole, 2-naphthol and aldto this data, the optimum amount of catalyst was 0.12 g
(3 mol.%) as shown in Table 1 (Entry 3). Further increasing
the amount of catalyst did not signiﬁcantly improve the yield
or the reaction time. The effects of temperature on the yield
and reaction time were also studied (Table 2). It was found
that 45 C was high enough to obtain high yields whereas
increasing the temperature up to 60 C has not considerably
improved the yield.
The optimized reaction conditions were then applied to a
series of aromatic aldehydes, heterocyclic aldehydes, and also
aliphatic aldehydes. The results are summarized in Table 3
and show that although the reaction works well with some ali-
phatic aldehydes such as 3-phenylproylaldehyde 4l, however it
has not worked with isobutyraldehyde 4p and cinnamaldehyde
4q even after 24 h. In the case of cinnamaldehyde a mixture of
products was obtained and the desired product could not be
isolated.
In order to demonstrate the effects of ultrasonic irradiation
in these reactions, the synthesis of 4a was investigated as a typ-
ical example in the presence of WD heteropolyacid with and
without ultrasonic irradiation at 25 C (Table 4). As can be
seen, applying ultrasound irradiation leads to the dramatically
shortened reaction time and increased yield. To complete the
comparison, we performed the reaction with different alde-
hydes under conventional heating using the same amount of
heteropolyacid. From the results shown in Table 5 one can eas-
ily conclude that under ultrasonic conditions, the reactionehydes in the presence of HPA under sonication in water at 45 C.
Table 3 The reaction of 2-aminobenzothiazole, 2-naphthol and aldehydes in the presence of HPA under sonication in water at 45 C.
Product R Yield (%)a Time (min) Mp (C)
Found Reported
4a 4-CH3–C6H4– 91 100 183–184 182–183 (19)
4b C6H5– 89 120 200–201 204–205 (19)
4c 4-CH3O–C6H4– 92 105 174–175 175–176 (19)
4d Furyl– 64 80 176–177
4e Thiophenyl– 62 90 191–192
4f 4-CN–C6H4– 91 80 214–215
4g 4-Cl–C6H4– 90 110 208–209 209–210 (19)
4h 3-NO2–C6H4– 86 105 198–199 198–199 (19)
4i 4-Br–C6H4– 89 100 163–165
4j 4-CH3O, 3–CH2OPh–C6H3– 82 120 193–194
4k 4-OH, 3–CH3O–C6H3– 82 105 173–175
4l C6H5–CH2CH2– 80 120 188–190
4m 2-OH–C6H4– 82 120 160–161
4n 2,4-Cl2–C6H3– 90 80 242 (Dec.)
4o 2-Cl–C6H4– 88 90 192–194
4p (CH3)2CH– – 24 h –
4q C6H5–CH‚CH– – 24 h –
a Isolated yield.
Table 4 Comparison of the amount of catalyst and yields with and without sonication for the synthesis of 4a at 25 C.
Entry Amount of HPA (g) With sonication Without sonication
Time (min) Yield (%) Time (h) Yield (%)
1 0.04 180 61 12 Trace
2 0.08 150 69 12 Trace
3 0.12 150 76 12 20
504 S. Javanshir et al.reached completion in a considerably shorter reaction time and
at a lower temperature.
The reaction worked well with electron-withdrawing (NO2,
Cl, CN) as well as electron-donating (Me, MeO) groups, giving
various derivatives in 80–92% yields. Heterocyclic aldehydes
react smoothly under the same conditions but at a lower yield
(Table 3).
Next, we extended this reaction to 2-aminobenzimidazole,
and 3-amino-1,2,4-triazole. The results obtained showed that
under the ultrasonic irradiation conditions, the reaction did
not proceed in the case of 3-amino-1,2,4-triazole and in the
case of 2-aminobenzimidazole, the reaction proceeded after
24 h, providing a very low yield after increasing the tempera-
ture from 45 to 90 C.
In conclusion we have endeavored to present a very efﬁcient
methodology for the rapid, efﬁcient and environmentally-
friendly preparation of 20-aminobenzothiazolomethylnapht-
holes via a three-component condensation of 2-aminobenzo-
thiazole, 2-naphthol, and aromatic aldehydes in the presence
of HPA at 45 C under ultrasonic conditions and providing
a high yield. The reaction conditions are mild and also safe
from the environmental point of view.
The advantages of this method can be clearly seen by com-
paring the outcome of the present method with those of the
earlier recorded procedures (Shabani et al., 2007b) carried
out under aqueous conditions. It can easily be concluded that
under the inﬂuence of ultrasound irradiation a favorable accel-
eration in the reaction rate occurs when compared to the con-ventional conditions (i.e. under reﬂux), and the reaction
reached completion in a considerably shorter reaction time
and at a lower temperature. Another advantage of this method
is related to the use of heterogeneous catalysts (HPA) which
lead to simpliﬁed product isolation, mild reaction conditions,
easy recovery and catalyst reuse, and reduction in generation
of waste byproducts.
3. Method
3.1. Apparatus and analysis
All chemicals and reagents were purchased from commercial
sources. Reactions were monitored by TLC. Melting points
were recorded on a Barnstead Electro thermal apparatus and
are uncorrected. FT-IR spectra were recorded using KBr disks
on an FT-IR SHIMADZU 8400S infrared spectrometer and
absorptions were reported as wave numbers (cm1). 1H
NMR and 13C NMR spectra were recorded on a JEOL at
500 and 125 MHz, respectively, using TMS as an internal stan-
dard and DMSO-d6 as a solvent. GC experiments were carried
out using a Fisons 8000 apparatus. Sonication was performed
using a Hielscher (UP400s) ultrasonic probe system at a fre-
quency of 24 KHz. Temperature was controlled using a water
bath in all reactions. In all reactions the tip of the sonotrode
was located in the same position just under the liquid surface
in order to obtain optimal sonication and reproducible results.
Table 5 One-pot synthesis of 20-aminobenzothiazolomethyl-
2-naphthols via the condensation reaction of 2-aminobenzo-
thiazole, 2-naphthol, and aldehydes in the presence of 0.12 g
HPA by conventional heating at 60 C.
Product R Time (h) Yield (%)a
4a 4-CH3–C6H4– 5.1 90
4b C6H5– 5 91
4c 4-CH3O–C6H4– 5.2 92
4d Furyl– 5.4 64
4e Thiophenyl– 5.4 62
4f 4-CN–C6H4– 5.2 91
4g 4-Cl–C6H4– 5 90
4h 3-NO2–C6H4– 5.2 86
4i 4-Br–C6H4– 5.4 88
4j 4-CH3O,3-CH2OPh-C6H3– 6 82
4k 4-OH,3-CH3O–C6H3– 6 84
4l C6H5–CH2CH2– 6 82
4m 2-OH–C6H4– 5.4 86
4n 2,4-Cl2–C6H3– 5.2 89
4o 2-Cl–C6H4– 6 91
a Isolated yields.
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A mixture of 2-naphthol (1 mmol), aldehyde (1 mmol), and 2-
aminobenzothiazole (1 mmol) in the presence of WD hetero-
polyacid (3 mol.%) in water (3 ml) was sonicated in a 25 ml
round bottom ﬂask at 45 C for a speciﬁed length of time
(Table 3). The progress of the reaction was monitored by
TLC. On completion of the reaction, the mixture was washed
with water and the crude product was puriﬁed by recrystalliza-
tion from acetone/water at a 62–92% yield.
3.3. The spectral data of some representative products
Compound (4d): 20-Aminobenzothiazolo-(2-furyl)methyl-2-
naphthol: cream powder; mp 175–176 C; IR (KBr) (mmax,
cm1): 3386, 1597, 1545, 1514, 1444, 1209; 1H NMR
(500 MHz, DMSO-d6): dH 7.0–7.98 (14H, m, 13H arom and
CHNH), 8.86 (1H, s, NH), 10.16 (1H, s, OH); 13C NMR
(125 MHz, DMSO-d6): 50.03, 107.27, 111.35,119.09, 119.28,
121.8, 121.95, 123.31, 124.33, 126.36, 129.37, 130.65, 133.25,
142.73, 152.76, 154.31, 155.37, 166.72; MS (EI, 70 eV) (m/z):
372, 229, 202, 150, 144. Anal. Calcd for C22H16N2O2S: C,
70.95; H, 4.33; N, 7.52. Found: C, 70.39; H, 4.09; N, 7.32.
Compound (4e): 20-aminobenzothiazolo-(2-thio-
phenyl)methyl-2-naphthol: cream powder mp 189–191 C; IR
(KBr) (m max, cm1): 3336, 1540, 1510, 1334, 1269; 1H NMR
(500 MHz, DMSO-d6): dH 6.78–7.78 (14H, m, 13H arom and
CHNH), 8.92 (1H, s, NH), 10.22 (1H, s, OH), 13C NMR
(125 MHz, DMSO-d6): dC 49.56, 107.27, 111.35, 117.02,
119.01, 119.28, 121.80, 121.95, 123.32, 124.24, 125.42, 126.36,
127.12, 129.37, 130.66, 131.51, 133.25, 142.74, 152.76, 154.31,
155.37, 166.72.
Compound (4f): 20-aminobenzothiazolo-(4-cyano-phenyl)-
methyl-2-naphthol: white powder: mp 214-215 C; IR (KBr)
(mmax, cm1): 3381, 2227, 1628, 1595, 1540, 1515; 1H NMR
(500 MHz, DMSO-d6): dH 7.05–7.9 (15H, m, 14H arom and
CHNH) 8.59 (1H, s, NH), 10.11 (1H, s, OH); 13C NMR
(125 MHz, DMSO-d6): dC 55.31, 116.19, 118.89, 120.90,
121.48, 121.79,122.23, 123.65, 125.28, 126.09, 127.69, 129.48,130.58, 130.89, 136.04, 138.41, 139.94, 152.54, 160.78, 166.03;
MS (EI, 70 eV) (m/z): 407, 264, 202, 150, 144. Anal. Calcd
for C25H17N3OS: C, 73.69; H, 4.21; N, 10.31. Found: C,
73.09; H, 4.06; N, 9.99.
Compound (4j): 20-aminobenzothiazolo-(3-benzyloxy-4-
methoxy-phenyl)methyl2-naphthol: white powder; mp 193–
194 C; IR (KBr) (m max, cm1): 3331, 1542, 1514, 1450,
1265; 1H NMR (500 MHz, DMSO-d6): dH 6.73–7.89 (19H,
m, 18H arom and CHNH), 3.66 (3H, s, CH3O), 4.85 (2H, s,
CH2O), 8.7 (1H, s, NH), 10.10 (1H, s, OH); 13C NMR
(125 MHz, DMSO-d6): 53.97, 56.48,71.04, 112.87, 113.56,
118.95, 119.35, 119.60, 119.83, 121.76, 121.83, 123.27, 126.32,
127.05, 128.6, 128.74, 129.12, 129.45, 129.57, 130.31, 131.59,
133.07, 135.52, 137.81, 148.33, 153.02, 154.02, 167.15.
Compound (4k): 20-aminobenzothiazolo-(4-hydroxy-3-
methoxy-phenyl)methyl-2-naphthol: white powder, mp 176–
178 C; IR (KBr) (m max, cm1): 1H NMR (500 MHz,
DMSO-d6): dH 3.59 (3H, s, CH3) dH 6.6–7.90 (14H, m, 13H
arom and CHNH), 8.82 (2H, s, NH and OH), 10.11 (1H, s,
OH); 13C NMR (125 MHz, DMSO-d6): 54.38, 56.57, 112.02,
116.12, 118.72, 119.41, 119.62, 119.82, 121.84, 121.91, 123.28,
126.43, 126.99, 129.41, 129.55, 130.27, 131.23, 133.12, 133.67,
146.14, 148.24, 152.48, 154.06, 167.22.
Compound (4l): 20-aminobenzothiazolo-(3-phenylpro-
pyl)methyl-2-naphthol: cream powder mp: 194–195 C; IR
(KBr) (m max, cm1): 3353, 1614, 1542, 1515, 1155; 1H NMR
(500 MHz, DMSO-d6): dH 2.22 (2H, m, CH2), 2.71 (2H, t,
CH2), 5.85 (1H, t, CH), 7.08.02 (15H, m, 15H arom), 8.9
(1H, s, NH), 10.00 (1H, s, OH); 13C NMR (125 MHz,
DMSO-d6): dC 40.56, 40.73, 53.7, 117.23, 118.93, 119.42,
121.84, 121.96, 123.2, 123.75, 126.03, 126.37, 127.26, 127.36,
129.27, 129.53, 129.80, 130.32, 130.58, 130.66, 131.29, 133.32,
133.66, 140.23, 154.67, 166.26; MS (EI, 70 eV) (m/z): 410,
231, 202, 150, 144, 91.
Compound (4o): 20-aminobenzothiazolo-(2-chloro-phenyl)-
methyl-2-naphthol: cream powder: mp 193–195 C; IR (KBr)
(mmax, cm1): 3379, 1626, 1545, 1515, 1465, 1450; 1H NMR
(500 MHz, DMSO-d6): dH 6.97–8.01 (15H, m, 14H arom and
CHNH) 8.89 (1H, s, NH), 9.91 (1H, s, OH); 13C NMR
(125 MHz, DMSO-d6): dC 52.59, 118.62, 119.47, 121.45,
121.68, 122.45, 122.68, 123.19, 123.69, 126.32, 126.60, 126.99,
129.13, 129.16, 129.49, 129.81, 131.16, 142.52, 153.20, 154.29,
167.17; MS (EI, 70 eV) (m/z): 416, 231, 202, 150, 144.
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